


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1983-12 


Computer program to simulate digital 
computer based longitudinal flight control 
laws in a high performance aircraft 


Carter, James Robert 


http://ndl.handle.net/10945/19691 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 















be Te 4 Co ongh ln bocad 
pire, tate a ILS RO Chia age tnt tty a Weak Rong 
SA oe he eh Adena AM ue et ee FE PRES eoese are it e 
Visa® Ue ett Ow ohne De, ry QAM thet tye a, Aastn @ A ie hs Ye sy © ray 
= Bf % &= °- ae. 8 Vee gig § bee Belew ba UN hy Rant ary PVP Arg ‘i. ave yt Ae FAY hee 
“ ¥ es AAD a 8 10h ae & iqila ty =2-h 9 TENS ted eae rig un. + Ane & oes a) i aeeeele 
bam A awe f . Tere t) ae P : ; PA AE ele > pean ty erage 4 ey << midds’ gi? they ie + ath an ea: Vee “y 
es fa Te Y. -8 0 ab pene Sade dnd end, Pape i ' as) Se —_ + >e Sy > pee he RGA ean CARNE © ben ea ile s, eX68 OO 0 “0 SF 80N D ava-tny, 4 p-® me: CL Lee 
Pata Pepe: #8 on F V0 ay ~ Repo on, ier wes i pee aed ie gre ae Fash a, pe nto vegad susan cae i + int Phe ety prs he ELT een toe 
4 eat é be. = res o < rs os al _ Sccad wile 4 we i> 4 “ otic 4. A uk . 
usec . ne ne ba net. Ra a al a Ri ya BY 23 ek ne a a ag f, og ae "waa Dag phy Naa Ne Aa flees Th yy . vob ahi ARS ey ; bein cent z 
‘eur e+ § sae hae ye mee: A i o Makes Be os Sst se 2 dattay, to AR y aod Gwin, Ss eae Lata by Sueetis Tey UN 
wee ey et AY rer’ Be ab tr r 4 rage all kT yc si me” i alee SH {ye yaa bbe! Le A Le 
ee eee hi tbed oe ee wm abotes 1 a ra ’ . 2 wea! t Sle. a ~ oe es ‘ “ <* ‘nen 4 nSigrt aX ey y bas 
tbs BP, we Te) ~ i a, : ‘ : + Perle Thad WOR ype Mal 3 S he anv we pease Ae dh bri 
Can EET a rs , = : >. ' F ’ i a ro wa a: % 1 Af , node Pa Wee aa Ys ' SNSees 24. ¥} Cor s 
7 ede abe 8) tl oaks fF - 3 = a wp ' ) « Bey yb 6 ROA anes its att wire OS Lae wrahhee \ call Pate he S es hateas ete.” 4 
oth az Shee ne 8 wg pak Ae oo ath) 1 A 5 7 ody Rumah 6, ¢ = Lom bes,.Leiy 24.2% 2.3.4, taraadted my wey MS 4be Pall meee! $i 2% beige Pen Y A @ @: @- Ostee 3 
ey Rhee oer Mute Sse ' Ne ‘i Pare aca ae oS ete onion feck x eke “Hepes etl oe a Pca ty i acai, & AS: $i 
Pa, bein . oF : Be . c “ . .” ne : Lie ag, »- * nS ee yD * et GO D Eden. e ie Us me " 
Fit t ye ye Por jel Pi 2 a. the lt oa ich » $a eas 2 a a Sainte j vt0 4 itarad atten te aA ee 5 Sot ey "Gy O08 w te ALON oD § mene hs MAG Ae & by Do a Vy no 
tod | Aes brary be * om Yer ole. | enna =I aa ett : : pO RS aerator, 6 % allirtrectes Oh ee Due hm cole: 4 Tee ob Mey gh oe RL a, 28.9 Xue e Se aa 
FES be ee ag tee oS ok es ae ge = yo. os ‘ 7 aca ea ee SAS Ge hy eee OMe Wate sow tip es aya ariel E a tg OE © A aes on tah a Ua 8. he tie sha to + 
Bncpee 5. Webteds i b fa eo et ihe whiRos’ 85 E9bs. ’ . 2 xed ae % ~ & * ° SFE e tg. 4a SCeababe he Ot de Cree bry Gy, cht 2 &'D O84. my, oo veg 91. Ot n't eh & B® Yroy F9-h * 
hee SP a es » 30 } 2 wt ie. a Keo oe 4, - oa dae pisos a; Siete. oe ay mee. heed ngs. oe O04 tae dean ¢ 5 ae a) rh Fy Me tank Ot Nt age ees oes 
va as Ath aed 198 ew ly iy Seer oo es, ree? * 5 Pa fe 8 Bee Oe a Uae on pak were ma AR oe Ee aol WA masy 2 en Jae 8 
F hpst g ato Pie dé ‘. ae F fp pp % as ag = ft : AEs fe eG ange woh -e a= WAY, Ea. og 4 Pa © a 9 + NA Ng dt &, le wel he ee ary | aay NM ye 
babe Ae nl ee Fee : a , ee wwe PT eee 7 yc Bt Mh as wine ae ave, yh Set eet ett’, SOP be ty SE LEN Nee ct ag ss, “eecteiinn oa ae 4. AB 
: ee IC A aT ‘is eee’, ie = . = eo" . Oa = von tind San, MUSE: chapel Bek tue, A tr 5 NOG eR hele heh aan ecole « a 2@ta Atanas 
tet OB bad writer , Fe ems gc ae +9 State 4 1 ete beetle = er. Se Hien. mim, Ve & Bega San” er et Ow Re & berg, & Yee. ans Me Mey ODL acbu sary a 
. 54 t Ze pay Wf wa aes) ser aDbs ule @ te Pe at a fey ‘ » bstep had aes “es lade si any ie ese ets, Pee a) te A fale prey TALS 
BA ake ee i d nMMMefeud oe wey oul ¢ ed ae a! ‘ "J _ “pt Sle Ae Ss ® os wd ee ae ey gate hy Ar boa Sy aiadeaie ry de Ce ete Oe es 
fs. a AO, PUM eho ny vu pa y : Pa ae - . ok Mee es yf Ne abe edie: sak BOM DW eutdeme s ty pmb & » as tptoh! Wwe acacia y RePGAL. iad 
Btn! oy sae ind Mace i. Rikers we, ere ~ a . = “oa % & Verene gie : o hey 7 Se tO me We t0ts tre ne © DS ye Rartesectt dante MN MRS aeh A ae we, 
ry At ob tape red pnd foe > | +0 do mo » e at Pie Pag > om ae Sa & + ey E R~ s wt doe ee os wrt) Ps amt ~s * Naeger y tere vs by bps Piskrtk Wyss 
s 8 we Y 35 heh 2g ee: aig inp ° x, =a % ‘ oe S glee + oathpane meh Seo sg & oye bh oe | Bel 
fpr on ag a my) “i Stebel ice a - = Le coe of : od eg eet ss Berg re cea a a. Fo nce Manat we ~ ig AN. = A Pe OLAS ect es 
raft ait, they Reeds ty one phar t fo = . tn oJ 1 ¢ das Te i racg ee ‘ ate de" tes tee Oey Fey wm WR ve * joa dais he 9785 Me. 4, Nrwcay! Neth nate 
hg eeu td 4° tiny A yy — oar Lomes as, 4 : ae aut. ‘ ea sah “ 4 e » chtyn , r teh Miia. og hae + wh Dew Aa, La aoe Some Oy amy 6 eT gy Notts 950 Pte te be aang tea. 8, e. 
e. é OF de dritel oo 5 bobo hg ost an oe : re Ma sh ote $ SV awe ae oo (te 3 by <A ne Mile ete eo we, Cia Be day ee. ie rh. hd “h, 
ars) + fee a efaca’g oe eS a ne. tre sess ; aa bey ee naa teoias r) Re a. ena - . Bieak 3 fs tO A oy Oho Beta t LR ee ‘ev td nee wo & ~ Ot R&S, @ 008. 0 Fem eg Bla 
Pome 3 ae ih oF cb Pak fia gad ot he wy aed Se eee Pt ¥ 44 . . aa om OF Te es seme IG TR Mehta aides, € a4, Wy a bale aoe 59 Mee Bnd ate rane tts SAD a tort : bebptapy st cis 
wheat a set Tomb ong PE Bene de, Oe tytn end tn, Me phe em eee pe Qo woe Lo hd oes hed me enaiy VP ha eS Cae “eB ie UR dee ty. wie Tyne 4s a es edhe, be 
“9 faveeep part bettie Onn Ute Btn "agape "ie ; Pe ae wee Ot eee PR clone ing ee a heh ee =O SS. welt Aree em Prudent kU Y x 
so, Swe 670 trace, 1S a heningaiet. 4 (* 7 ei hind eg “VM &  otbeget EUR ES he be SAE He A eptag 2 @, kiss Mt. A Fon ch ee AP d Been tasted gerteay ig hia) Was 
POF Slate tg tO ih Slee a re at ay —— - : 5 a Si manele $ Ben Lak Yt > mhes vnebe daar sb ae DAY tM ERS, ah My CRO BE ‘ee Net ete 
a wie ie Bh ot Ra tpl d it ee CP a eee ena. wee che rege 4 i a ~ 7 * me a a ae Te ee = a eee pie netaad Cr tee t Wat ug te Sy “a M4, OE A Goh. wih & wSetre QOMer Rertak vae ok Xe os Ee 
: et DE fatalities f yi Gaustte. cps cos ~ We = O2s meen, wR fhe ‘ Se own tet sg eden HA terete ee Sabie beta Bey Swe oot BATS & % tools £008 94 49 Wh 
a x +f tod CAE pat = ade 1k Ridedeents ga ani rath s, a 7 ak ren a S oae “pelea en RL. BA whe Meee yt ee ee BAR 4a Slee B- Rees on: MOEA Seb ere hinire R Sant 
ry Ph Seed A ahs .s. Ke a > ar het ele divans late gy eed ye a Ca eer 2HS'e Ve 5, Are Me, abe Th 4 RF bree ae 4: Scie © mh Nai tik. ge hole wEntich*e, ‘t teDmies ¢-' a 
1-4 pa ond Bad on Sak doy stout hl Be Adtehned aitey | tin aE amid xo aa . a a * a aire eee he ° ies & - ae “ SN he TO One, 4s pe we banive. Ways Lidialed aa hs Sant 40 
ht Bon inbitheen 65 Pere ae te" eitan ‘ fot +" Se - ° ‘ ‘ * ee, a On p OO ON as Line Ae ley ee Pee be Maal ae were Sheehan tat Et a hie oh Oe, 
na tad ee y nalts Speen bis: acre ‘Sree. aad npey gun _ Rae e Saanen y at yew AD ete Oy rem ome Sm eaSt » eam eaten, Eire itrt eal Wrap Ee 
Nb toAoagt fi es owe yg i “ih oi ae ‘ve cae 4 > le vel bts i SA FRR ade PPPS ORR Ue 4 8 Bes beerde weg “ihpigs Solee g % ASL Lary > Ren: o a ye sa, UVR WA ae NEY AD. ete at Some Otmate Ny tev asih 5, deg 
pont 0 Ogi orks peti te, eh s las . oe R = ar ee eG Stele Nim Ste. g ‘ Oe bee olan, Uday aXe eden nk hea bite tt B, Sdn Voie OM mt, btu Le) DASE RNY Serre mtoerees 
. age ‘ Pe AMsp tia” yids mdm if toe mee 9. alee ee i or =u ~~ coe a a a Y Se cae TTY ~l.4 OS bie" madhtre vg de sth, PARE let ertryt stems Aas t 96 Bait as wo <&q Phtltararhatpeahine ict Roa et rs 
> ) Cem h eo tele eaiae og ec ma o P= wr mesatna ae - “Ss M WS wine hme, » Me ra, at hh ee ee Pr ey eRe pelle Be Wore ate ade ok eA an oh Mtns wea Seyer ae, "asm ate, 
. %, POM woe sis.y E ‘ a ops rn pee Pei ae Cries : 4 a * were aes Ek Mer ont ear mS ws aking 08a, Wh SMe Wate g {e's VaR Bares ay BARA Sahm d DATs tape Oe. Ad a hy 30 yale, te Mcity, a4 
“$i gee gti’ ay, *& on ning. @ a ese ed ~ he Ber ve . Si a Ae NEtets Anne. , al tle + Pay  wSatdoeasg, _t Fanaa a dis tinted Be eat k pe tgacts 2: a Poreeh VA Rb Oe. Wert a: Ute Mare 
Be te” Se 6 oe aon ¢ baa bh, <u 4 a I ite ithe i “ee ec oa a a A an es tr 3 tts NARS va WP ig ry, om~ Sth he Pee EN RS tater he 20 1 tela. sets teceeel 
oH a tate 2.6 Fae wins “ay * a's WA lite tee oR we ag Hl ba) Weds to ece gy g hour eee RA Oe eh & at pte La Tay QZ Melly 854 Sohne, ged Fe 08 Wi aye Ayal ye OR & ea, Lek ee ar om = 
edlig 4, eS ae oe Fe iy ec Ps Arn > <e ‘ eho Se web 1% 1 rene Tey ase | ea: wh eee hi dha ea wees aD Peet NOMEN he Wy . , fs Nim 6 hy aly be ee ary 
Bitten gig eg deh -BBAn gepuy te gas A jae << A abet 2 ne mae 6 OC em tet re “9 LE AP e eh MOR OLS es te born 9 oO Ute en wth? be Birr wrt, 3 TOU Obey b Ooteb Sen Ne ate heats 
er oe ita te a ee iar EM ~ ae RE Sree ta OR Ne ee ete, WhA Stak SAE Een CSAS SEA Sele ee acon 
Or 6 day pine ed doqurtar 4 CA meted en gp ae eras ‘ i” San .; betas “th, ! 4% ‘ OR ae HR lee ya: Rin te MRD dM By meh dey Kh s ree tage & Bc aban ge era SNS Saebsh RL} Behe oe mW Te Rehr, 
SS fine 0 ee : Il Pe, =H r iid a * babe ve oN» ta eoe ah & + meee Se 8 tit Wee eect thw ete oye « bevy RT erageraaren ek Were, ean ot 
Paani,” | ae mit aly = -* Piney, ; : <P 7 eA, : . <I aay Yn AORN 8s Mabe no Se MPs ci lsn Wee | moms Rate Me whe ah RnR trib teleheg SY a Ee 
Ss» OS Tle wnt bh ‘ . € “ys ‘ aos Ps « ta om ol lt ein Me & a, kanes tee ot nal @ sh a ON See “A R. & +> SL Smsvr, , WR Sele WIRD wo Teton. x he By a aa a dep as 
pay Rolsdieadp gPt * RGR . a : , ee Me RG emda P Ame ts 5 2 oe." ies * ag ‘. “MAAR Le lhe y ¥ eSre ad “ele ahid Wis Va blag oh oy No 8A Wy ot eh, Lites 3 wet Sh Rates; 
wea hn gid =" 4 » wa an oss 6 see ra . i ap es 5 Seal se . a ‘, Peek ve “ey torn, «, oN Me oe aks rm Se Be was Awa BW ety lay oy Uepach wee, Pa hol =e Mies a | mS rome 
ay fo ee 2 outage, rine one Trae oS Gongs «it J + 2, ae aa st : _ 4 Cs Saks leh, yg % Wie wt sites S* ns SVP Viaeleek bBo h., BD Settee ay. 8. Ky 6 WOW tee oe oen ache Shemen = tn eohees 
® Rhy Rad ote BOan aS pan a ay ee , peern Sees ys =e P « _ 7" 8 4h wee MeN, os Re alky Hebe 2a eo wk a aorHe Ls We be We tavhe ve tom Hing SUD Be We tn fa e ete a ee a FEE WES chee ote Sere Oe 
a 2 : weg NONE Be ot thead silh = me os ig Py a ii tg . : a . : ~ a om RA RENAN eg orereey eee me aero The <M SED ene ASL Mee pe Peete =e Net ty Aare: tr priplitetinte otis Gente 37,8 NL ch. eich 
= Lob wes ates 2 + Pa As a ee ® et F9 igigt as. SQ ag oe ) oie bs au ~ ~ 2A oa "U2 Ke May © Yay Mw ke nt a & Late ree uxt Ve ka Weaaats. ae gy ‘ice i ee de Sy tees eet 
4, . a bn pated are AY CT ae © ~ er Cee Pi > are ol 908 CS yr Stacie a - S shag ys tore 2 Oe et tee ow alt at, tae, eRe aen WAS Ute ae, MEMO eR AE Mowe y Be ear ety 
“ae ff F . “Sas st amd Pe! © © i meges Stal Gane Wh a ss Cin an ri re Fy Ree, * 1 ‘w i , te has He. beatae, EATo me were MOS aL, ees bNapthoetistiont Roh YS bestnediple ty Eek TRY a 08 Nils by Sabet hea 
' ah wl! , : ie aM F, 4 Ls # «bed v ty £  Aetupan oe Canta ris. oj : ones i » vr eR Pim WR % Me 8. mk eS Msa ty bdl- pe Wome 206% v2 Owe wie Ra BER Aes 0p: a Pay we ite® Links be erates. ym 
aN es, vere og stehiaeen* 4 ‘ ee Ca 7 Te F ¢ eciiy AP ra 5 sad me : rat "p " a wma we OL & & a. MR RoW AY Une .: +MY DA ALE -.. HATE weed te, fen aoe LR, ‘fo be meet ge 
q i = o thee ite 5 8 ata ae? ¥ ee e 2 = aan ae te ae . hh, = Neem ote Onc *t ha & ~ on Shes bie A ~ wine Oe, wwe 4. oe ee ty Ste ey, ba hoa ee Tap eee 
ae ‘ MN aN ose cigs tena’ : 3 ota AA WAL Y oh dyn Sete, ht ts ‘Ss Vee o Me ot a5! oeee hers. Rtee ey ek see ae ca o_ SPAM rectesraieegee: 
gal Lie ea tee os wh, oF wit. @ = » suse sad pean w an m Vie a er SRR Kis Aire acc exes oes rt Bh, Cede ee OM eee Bee yw oR, Wee Mea Le ey sf RR Nel cn We 
eee + Clint. + 0. SF Bes te, ahah ~ ‘ ‘ yee > Ba ag a P CO oi |S Mune | Ua We ee os WATE Rina s a hotule Se Snes Pas we TAA ASTER 5, apse 
teed tH% ves LAE f-2* > rans i aati ~ = ir tua 0 ‘ moe ry “hos tn we oe hs ge Sh wan than. a i Se Fee A % ° See \ Be ee CAT ct elitie sa Le PES 
f OtaMed, 4, wae et Zt oy 4 3¢ ON a ee Pe 7 = = Bas * . Pan, 4 a ee ABuw, tee, wm & A hy, ter Veen, Wey Wee emi tei bethetec hat So Nee hotigtyk, ertadird. Shae ae 
end ft dtme os” sap Fete es ee, he on rae a "ni * P oP eo & tad et ae -' 9% Deane ae < “Wao R NN lekdeen | 4 Nate hae wat eee 8g ae a Sele Nand WARK a Te Sige nay 
! rs am Soy tae al ts mn aA é P “4 “ ‘ Een ; toe ey te GRU ak Wein oon % Dt ce el eT AY ES wo eres Ye Re 5 Deve Seek ns ge whe de 
X shod fo eRetoh es 8 e Sais ees ¢ - ee a # — : P “s ' Sea wb ents a Shy . 4H Xn Wy 4 fT a” a = i ny een Deert, wg As etek irerod® ws Vk = Sem ems, Po. os BBS tten 
inten a Plas a ’ WM Ee ca 8 tn . a) ahaa? ’ ‘ psilhe SA ot ° a ge oe ean a MEN Reet he Eh ne See SA, MRR Wh ete wh ay Os Se5 te bi Se he ee MOK amg ete 
one ee, Aion 35a “e De) pee eis k - 5 rie ere ‘i > SS Le © ke Fo he v + men 8 tere my Nem wes... twas F x esa him, . ey Bee Nee SMe WN wie, ak Nie eer in Was Pipes on Ba rads ‘ik, 
We Piper rie, oo yf sas es Py or ane e | : . . wh. - Mh ee mY ame Are dha “al ee inte de we 9" cm Nth se Lt hee CO ied ig ae tee FS PMs eS: 
ae labo ae biter iy wile ef Le BAe ams 8 «pm y “ . ; - op mre 4 = My ork. » rere = “het Whe ek og Co mw CULL. pict fen 7 @& wre, = We atey Pore me ome Ne om, fF ete ae, wee 
repair pst Let 9 8 se 4M ae = ae wis sab * ¢ shy oer ae i . Pe ee ey . eS 6 so te ane a DA tt Whe st SME OL. ee % Rae RRB ah wh con meee 
Tartaglia er eee a EF €. wa ee 2 hy : we Ot A ue # a. Sree MME MEE Oe Sm ue Ne hed Wie aetem ~ Yea lk, ar ao Le PAS ate a o PERS Que Seatrnde Ae, t= ee 
Jib gw nd mf t Ue IONE ey WR tie 4 sia cs : , - SR as ‘elec . ST Wai gg ee 3 be Ly OSA gee yg sre, BND Ne he inept beam, pees ty, Timm Waa ogy nd 
, dete Matt 4 5s Pi, et oot € a Re ottr, an, aks eee Re Nal sina els Sl SC bat Radletnertarg, a, tee a oe ee Pad Krag, eM Re WAVE Rhee Lay, PMR te es SIN te a 
AOR erneae > f° 2 Sauk wefeeg ste ak pg * ta¥ ber, 2's « Atm, Fe ae. < ar s ee et ee en Mee. oP ee Fn 8s Nt Wea. eke tee teres San Re aetna ‘ 
f im ; few O4d-¢ gs oe ao en a nw « Ms? fhe, é - Lew Pra . ere “4 $ a ays . Rome ema, a ue wy ee "2 ee AA, ote te Ne to ay maly Wee wy Bind A Ata Nt Tan sy We we Mee tie wie “eas. 
ott ae ee Te wes areas w hye oa a Eg ga EN codlag ° s a : Pa ee . a% et Ie SAN tea Heed fF wilhum, WM EN ewe A RT Muy ene 2 LAP e AAW, Be Meme Lew es eT 
Mamas: acre vy 7 ees ge ofr Prey ms Bern ee oo ¢ & ath Ee oye o eemetes “ig Puen . pete : v4 . tele Nebe et ® tack 2 nit Se ty eee es veered & at PMN Steele oe et te Br 9. Reiman. 4 Na 8 en Sey lee a * oa, 
A pat ues. he a Smee se al ok ° gels 7 i si i ee Poa 4 w why Rm 5 oh VK ee Lh hee Ba yy Ah he at FPR eee go fe NS Re w eae ki, AA Sea te 4° 
cr I Vale Pr cr ee 8 ee tee : irs berce 3 , ’ Ske ~~ » os : bs ae © ert 22 8 YL Seh ee em tee re 5 Servers Wes © vine Pee etes, = aang, 
Bea ruamtinks SRN 8 par ot . a ae ~~: a. “ist tke as Te hateetecs Sach nt ea eran rarttas eed ones Uhr TS 
BAe. Samet ote chk. fae! er * as a + es abl 7 s+ ~ oA ae « tay « pr i = * Ms 3 * A. SSuratog & tree doy, the eh iae ye Bros 6 Rte nee tele a “RAN ees. tere”, i 
Aint wr get OP tea Tres ee Ay h nn ae wees 0 f + + H . = be = oe te fn AY ot ® 4 MBS he Se SAR Retin ino a> SP er oO wh, FoR", 
Re nl ET) eis ae ee a , fie +. avothed oe 4 Fs . : = - Ah wae ~~? Noth = "8 salem Solte is, NP ne Oya ve wesemteg w ee Ne oe bind 
hoy Bate a8 ig tg EE - be Mearsig, | ae Soli fs i one a * oF os wn S ee . Py patted ° - a ae Be a < Som x ue ee Says, ete oe tm “53 Rage mig PA te 
Wie a. Vine as Pr - ” ~ ~ ' 2 ited ‘ win ee Se ame te ey Wns wince * PRADO WMO BSD “ohe 
: a ¢.- ged opis. 5 ee Pi E ~% = i Pet: ‘ . wr 4 - “ . wee 8. NA shy. eK whee Mines ore « ca See, eee Come Ms | 
tt F s . tA be = as ee i i. es . o”€ = Be i whom fey < w Ara te ww or, wits ee tein, ee 
<4 tr aa a ' . # a Peet t a % ia a a dan . i a ee oe .. PEN UT ee <=  Wam Meee ON: Ma 
"te Saleh Cary st” if Po ae eo i ie ae S " ae * dor * a . he meer, "Ga ane 1 SER. gee Neng. me . 
we A 3 Fe Sead . rs “¢ S « fe w 2 Ls ry “ Bs Bing e tte Lr wo he 4 » a o Wy oe WANS tome a Ms al ems. Se el 
ie Mr P a Pr be a; = e = tp Fonar) tsaia Wat =e = ee F ote = 2 eer “ AX Way sy Ret ees Se” Been ee ‘ey, Bye Me. ey vee Hee 
fama stlae a apie . a — 2 Se x3 < »e . » . o3ae Steam sn me mn Be % ‘ * betel ~~? Ee LS 4 5, Pe ley gt, arene — 
mote e é ne . "owe al “ ry £ At . oa LS 2 ms he aoa ee” Ne ate eye BE Ae wu * he, eae a8 ter’ we ie! ou 
bh abe iP. 7 Prt ae a * ter 0 ba de! r [se ogr £ e =) = rs e - ar » t wh a + ey ook s YS Nevwen, pt cake been aie Met Beret, ax ee .° 
a Pe Boa Pa i ta et ee dl apse!) a= > os . ze Ye rt ” & o—s AL a eee, Ay ew ees Nig taseeta +) * sates 
et eae Stewie” ae on Be ge e ie P _ © tom a or % Lp a a on a a em Ae else > Aeitea Ne Koh S ee Ye lee ix at 
«Sd ob g art tee A ea, ae a a “ r em nee gt an ae : « c : a t- tek ‘ade ‘. Oe ee iy oy Wh * te Ve ewek 2 "ae ieee te ey eg 
PM he, ae Or” sam” oF, gle 2 ke oe See ‘ , ‘ “ b * s c bd ™ Te et esa Ee .* Serle > S NaN 1a * NAN Raa A PAS Oe ee om 
” iret AO aoe s. ‘a : Bs Hr af ae a = A ee me oe . “Ew Beg iv & 3c en gt “she, 
PH 28h. gdlgod eg spt a dei, ite fa s 4 . F Pie te ad Sal = . Mr wey hy, oe, Ane ‘ROA eu O a Oakey, oo lb ter eee. odie ; 
ogttaaedend 4 ten at? let ha ae, ream es Pee dine Sy -< g ~~ . « z “a 2 a . +e . ~ ume mtn, gM We ee Se NU Be we =the “ab eG — ot y, 
ft pt Tag f Peet alee ah O Se cc eOe create . are F a ti 4 re a r ‘ “ft t . = F Anson, a Ree w e Re = as we mbt tania, rey b PRN ome ele CH ht Aoseae 
= od + eT ae oY aie - wie « Cd ty é ¢ 2 aie as > i e x = 2 ERM Tote wren: > a Two Atm a ST) S- P we ) we 
ee ee pA Pe « * ’ . A 7 a * . . . Me et ws R Nery Dae wm awe .. as Pare, asa) & 
aid "Eta = 4” * Pp ae 4 -s + rs zs ey : a - w *s “ Bian SM eee So as * id el Sal a a a eT nar 4 
ay rer t ae al es “4 os =~ * . Me - . . yn * s vn Mar" » a an Ss whe Ran ee Ny on Paes, = 
ep ~ & wrest © tay a ss a ‘e, we i = ° a = e a + =" ee. waN, ye were hd % s ‘ea tye te, oe owe 2 vin § Pap igntis i Bye 
let se it be eae ate & One «e @ °¢ ww Fy - x bod] ae * wa » GS 1S - -S* as * & . Mew RTTAL whats a) & to%3s ne dor. gk 
ai tenes een = PS © etd oe é “ ” aw Py <5 ~ % > Va mw nN * 3 4. & 8 Be, Ber, “een a as ~ Ve. apace sw Sek, atin a 
Pr ‘me “ sc S &- = , 4 2 ” ‘= a en” e”ANQ es ° Noe od ~ Se te wa Me ea wet 
es be : - pe as eo sige a ria aa 2 . : “ - ee be Bre me Ser let, - OSS eke Se ER ee nae aan 
. ~ar =i 4 ote ng > m « My 12 t ea a or * cw . he 2 - ef os See ys ~*. a ~ ele ee so fae 
ee Smee; poe = wate, PE Daze: peg ane = ase ~~ = ye} ° s bs , * Pe a i a ts $ * 4 bene: * cella ae Nas, aa i en cP he ote wie wipe Wtes a, 
ee és “Fe at «6 4 x “ae * ee aul a ra < . 7 ra "« “, awe o> clk Ww “me ven”. -te™ : ~ an 
8 em a Py: ie “eet wr hs ge: oe, ie) wd i 4 whe Xeon Se sl £ a * 7 . » ~ : ® sm + x <n ~ - % 7% Pw a - Seti ~% wy we ce te Soe Fra ' 
= a pe ete. sot gogo O ne OF ok ee paged =! Cn en mi AS ff ne ’ Lt t 2. \. * . . . ow " . A 4 » rs © Nee BN Ne ee Cee gies ss MR sk 2 os ew * = 
ane of OF bl? oe tae ae * “fot A PZ a ey Set Ps, « . y i. © Sy om . P - = - < ‘e wh, . t . <. Br. ~ x t ° > - ee ee <2 SBA: Dax” he Pty 
ate Pn 5 as KG ~ 3 a, AT ne ae a ed en os eo l- - Ce | ri x * ~% , we sg ~oe 42 - awe mee * a . 
aes & agit oe “ah <~  hien ¢= gh P = eBted net i * * . sf ¥ us Oar + = re r) . . Mie: e « ea *y baad - are a wee ® —— pe tad = seen te 2 ae eH 
cee ee al ween Soo pee a pre | ae mo a OSA apa 5 P a ee 2 : Ae 2% a * ee Oe lh Ge wn See = 
pte lassen >. ee OR 5 Coen PREP iy Am. iF = ‘ . = , - a a 4 ah om 4 CRD we Eee | < .  tee . seer UF 
$e nf ad os ge tite AiG of OE * wn tetas Z ? * “ tn Sie seas . - “~ _ 3 ~~ +} we i a et, Sect * nam 
alan. pee eh me, Pere ‘ +e te oo 4d a 3 ¢ Car aay v3 - . - t “ Ss . 7 we Hi a a > 7 * “ge 
rs. x Led eH e Fina An 2 : ' - ° ~ oe he 2 ~ ee ~ my, ene 44 
- we ps As toe, i > ee la aD es 90 wg = ma vs . - . » name, 4 se. 4, 
tee we Hf oi caen a ae ae wy 9 Pappa g - or alga oals 5 a Ay my 2 iy F r é ae. 2 . - ° * ' MA - s a Sas . 4 . ie Crag Tacte y Pi ea = es a Pa ° 
se gs PNM ment — Ser jot Loni wig g Pins oe aes Fs > 4 oe Vm : 2 2 rs . a a : e 7 . : re - 4 = i 3 tee a Rare. n as ey pon 
sae 7 > SOs aap at ps y « : ahmee; 3 2 tse 5 Fy 4 Ps K ) = pre ry ~ a. te a 2 > ee | .-* . e oT ten py ai ue = 
“A Ps pai, aR tO ang, Re ate an 7 . t - 3 “ * bbe # 2 u r . “& Bz ees and Smee Yerune Oty + tw ww 1 
RE a Re Pe re a Mn “we Ay ped . « ' : * = 5 mh CT + ve pre aaa ~ aie ° SS eee oe 
ante LP? spheres OP Ee Wes LE ee, ¢ «e was avn e Md ~ @ af gs ~t p *2 “ *: . = v ‘ i mp a mm mum: i ts = sd Bins ae. in 7 * “ai ¢t~* ~ we 
2 tt “ * lp“ c ee ' foe YF ° wane . ey a “ we As ae 1S 22 wee ws 
. igh cae Se Ms Fons DE *, eee ath Sad “a 5 — . “m mal ak ai » ki 7 Yoh, aX ee wes ». ae nwt 3 
an 3 fee = « s 4 oe A, me * - . ~ * = aus 2 => waw aw -« = w a 
ot tg le we Re Bees 5 te a © gi amo? at ond hota a eticns * ‘ ™ ‘ fos : mt ne, . toe ten = : ae “ a eat ae Sth Palace tale tthe 
wee thane a : a = 2, + . A 2 ~ = aise eons <1 #te « = 
$y ee a FE. -. ‘ rer sh « Tog Eto = pls ere word a is i ¢ : : ae Be os <p i ae MN Tye gate Teeny oe 
> ~ Pd 2 * Mi . ™' Lo Deon it 
=e. COM pag, ce % yi ae et < ° a i. ft ° ~ : = WAT 5 t ° 4 “a fe wats bat) as w vdew -, Nie tly or ur, awe 
Wag a al ee ae a agile 2 a Loe o * x eS “ - of ” 4~ . ms a 1 5 - ‘ R re a lhe x . Ace Pa 3 ss, 
< * - r i * . cd o) *. ba 
a pl cou e ofan, * how sain a is 7 - = . Ls - ™~ uy ow > “e “mA * = on -, 
me oe” BA. a ag = ol i eal = ff «4 ¢ ap ie : . ba * oo “7% .° a Ce I ee ee ora 
Cal +e. . a a age: =. a * ° + alee « » we r ‘ oN ‘al i we a ° ye 
eee heban oe pape id a Pao Ss aie | 3 dt Sth i es ~ *. % = . 7 - "* » “ - Ye ‘ “pee 
iene, REE ao eee a 9d m4 eae . 5 . eer on Ms 
a ’ ate « a * r . e ~ * ‘e od al ~ » oP 
a. Ped Site -< tv - « ° Ae e 2 \ ~ - Se 
Pon oe "Lge re F ra ie e e ¢ . * a . bd * nN Pat ym ~. _— s° <° 
e . * . 
five “a hs ae > = quce : apa es : . 7 ’ ’ 2 ° ~ ; is is *e* satel “ 
o - 3 t ww a tah. ? ” . . - . . ee 
a ae. ae: “ f cy Fi = £ Pe ra = a ° > se S - be o ne < o okey ow 
: whee , ane te » is eu oe ° Ce * Cas oe ‘ a » Ce a won « » 
2 "~~ . - Me . “, Cig Se * - is . 's s 
& - &e o w- & ; FA . . ls am 8 a 
oe . 4 - na 7 * * ue "> » a 
. i 4 . f . a : - - ied =f 
re rae * = 7 ° oe ” 4, ~ . ce 2. 
*, “ - . ~ # . » . . e a a “ ~ ry 
* a - ‘s Pent © - 2 . bs i ae coat > : Ral . pF 
ow = » - - Ed 2 a a Fi meee * ® oe “4 - 
X : w F . a % . 
om Se - 2 od 7 bas m ° ” s ~ < @ . 
as id t she a o =i , . tN aus th, ta 
Bt at - ° v7 ad we Cy 
“ = Py o aaa Pm = . . “£ 
« A s . * mn ‘ * “Noe ‘ -— wwe & 
. ta . . = t bs ‘ o & a » * 
« Lg eee . ny se Sa eo . a x e 
. ° . e A ad 
e 5 s * a a a . oe ~ 
- e a ka ¢ . 5 = - tote g 
Pa . , ° ad . 
- a - e e “ ns . te *e ot = 
* a ° 
: ? - . 3 , ° . S aU : 
baal om -< S ¢ ° t 
* = . 
ow 7 FP gy bat Ss . . 
er e . 
. . _ mS oo : $ hp « e 
ry am A ri = 
" E F oe ee Ror pw i ni m ? ae . 
. ee alnege ot; . : x the ‘ 
° ~ paratasen” a irs - 4 a 
,? Pp, . Cd " 


‘ 
% 

° * 

- fe? . 

. 


—— dll tl el 
eames ERE 
i969 a:F-2 9 a's UNG SENRT M RNA SANE UGS 
at ee PS Cane e ae ae 3, . eae RP eae ae 
sia pies Satyr Sn VOUS ERT ES F SUITS USNS SN ee ee 
ype gee Feape es " rt ey, Ser at hol eh SY . "6 ee r 
- ot Reidin YageAR Sod pe eo ae ap soe ae A Lis r Hee ee ve ae 
W'S ebw., » “Feeds ares “= £ & 
: SATIN Canal MM ROTTS ST al F 
: fo mene Ee PEF 69884 Fa ae Ts Yt * * ll 
4 SneS e5- 2%: Ne Be rd TOE i hd “tet ah Mi leas . ay tad 

FAAS bao MOEN TENTION Dagepaidi iitial dea os 

Pn L 5 ea. & cAmaAy,” * —_ in = 

Parr id se “esky mt as 
- ie ee ~ 


- . 
nes 















NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


COMPUTER PROGRAM TO SIMULATE DIGITAL COMPUTER BASED 
LONGITUDINAL FLIGHT CONTROL LAWS IN A 


HIGH PERFORMANCE AIRCRAFT 


by 
James Robert Carter 


December 1983 


Thesis Advisor: M.D. Hewett 





Approved for public release; distribution unlimited 





UNCLASSIFIED 


a 
SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered) 


REPORT DOCUMENTATION PAGE Se SL aD 


- REPORT NUMBER 2. GOVT ACCESSION NO] 3. RECIPIENT'S CATALOG NUMBER 


4. TITLE (and Subtitie) 5S. TYPE OF REPORT & PERIOD COVERED 


Computer Program to Simulate Digital Computer Master's Thesis 
Based Longitudinal Flight Control Laws in a December 1983 


i — 


7. AUTROR(e) 8. CONTRACT OR GRANT NUMBER(a) 


















James Robert Carter 


9. PERFORMING ORGANIZATION NAME ANO ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 
Naval Postgraduate Schoo! 


Monterey, California 93943 
12. REPORT DATE 
December 1983 


18. SECURITY CLASS. (of thia report) 


11. CONTROLLING OF FICE NAME ANO AOORESS 
Naval Postgraduate School 


Monterey, California 93943 

















- MONITORING AGENCY NAME & AOORESS (if different from Controlling Office) 





Unclassified 


Se. DECLASSIFICATION/ DOWNGRADING 
SCHEOULE 











TRIBUTION STATEMENT (of thia Report) 






Approved for public release; distribution unlimited 


17. OISTRIBUTION STATEMENT (of the ebstrect entered in Block 20, tf different trom Report) 


16. SUPPLEMENTARY NOTES 


19. KEY WOROS (Continue on reveree cide if neceseary and identify by biock number) 


Longitudinal Control! Laws Aliasing Filter 
Continuous Systems Modeling Program Signa! Limiter 


Component Path Digital Filter 


Air Data Schedule 





20. ASSTRACT (Continue on reverse side if neceseary and identify by biock number) 


The !1BM Company's Continuous Systems Modeling Program was used to 
simulate the longitudinal flight control system of the F/A-18 aircraft. 
The mode! is intended for use in investigations of aircraft response to 
flight conditions which approach spin or stall and is restricted to the 
automatic flaps up (AFU) flight mode. Program outputs include stabilator 
deflection, leading and trailing edge flap positions, and cross-axis 


DD en 73 1473 EOITION OF 1 Nov 68 1s OBSOLETE UNCLASSIFIED 
peeniotes Cha 016-660 | SECURITY CLASSIFICATION OF THIS PAGE (When Dete Enterec 





SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered) 


ZOK 


interconnect signals. Various stick forces, motion sensor inputs and 
air pressure inputs were simulated to produce transient control surface 
responses. These computer generated responses exhibited characteristics 
corresponding to predicted aircraft control surface movements. 





S-N 0102- LF- 014-6601 UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 





mpeEroved £er public releases: distribution unlimited 


Computer Frogram to Simulate Digital Computer Based 
Conga Uiinal FlighteCon#izol Laws in a 


High Perfcrmance Aircraft 
by 


James Robert Carter 
/ 
zeutenant Commander, United States Navy 
B.S. U.S. Naval. Acedeny, 1973 


Sulmeceead in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING 


from the 


NAVAL POSTGRADUATE SCHOOL 
December 1983 





ys SAMGO LG 45 


The TBM Cempany's Continusus Systems Modeling Progran 
was uséd to simulate =he longitudinal flight control systen 
of the F/A-18 aircraft. The model is intanded for use in 
Mecsas gacions cf alrcraft respcnse to flight ccrditiors 
which approach spin or stall and is restriczed to the 
au~oma-ic flaps up (AFU) flight mede. Program outputs 
include stabilator deflection, Il¢ading and trailing edqs 
mbetpeOe*ti1Ons, and cross=-axis interconnect signals. 
Vazicus stick forces, moticn sénsor inputs, and air pressure 
inputs were Simulated +o produce transient control surface 
respenses. Tkese computer generated resronses exhibited 
Sieteterer st .ce Corresponding 0 predicted aircraft control 


surface movements. 
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Le INTRODUCTION 


The Navy has experienced the loss of numerous aircraft 
during zecen= years due +o unintentional departure fren 
Semezolled flight. The increased ccest and complexity cf 
Modern aireraft utilizing fly-by-wire flight control Systens 
have placed a renewed emphasis on understanding <he 
2erfermance GhemeacceCrastics of theses aizeraft, especially 


near the limits cf the flight envelope. The purpose cf this 


}- 


*hesis is to investigate a methed of non-real time computer 
saaiere= ton cf the longitudinal flight control systen of the 
E/R—-AS atctcraft. Future thesis researchers at the Naval 

Postgraduate School will complete corresvonding simulations 


Strenemstactetal ard directional control systéms. The 


combinaticn cf thes simulations with an existing 


{- 


aerodynamic simulation program will yield a complete 
Peeseadsc stability and control model. The primary purpose of 


th 


iD 


model is <to investigate methods of designing control 
augmentaticn systems which actively inhibit or prevent 

do oemeuees f£recm controlled flight. thar uses cf this medel 
would include the capabilities to test new orogrammable 
memory configurations, *+o evaluate new components such és 


Bereeacieetortece vers, <co sinuiate degraded fligh<= ccnditions 





fwenee=s a dameged Elight con=rol surface) and to recreate 
Peg cOndst:ons during post accident investigations. 

The method which was chosen for accomvlishment of «he 
objectives of this “hesis was the Continuous Systems 
Modelin Program (CSMP), develored by <the IBM 
Company [Ref. 1]. CSMP is a software package designed to 
Simulate dynamic systems described in tarms of differential 
equations and block diagrams normally encountered in systems 
theory. CSMP allows programming flexibility through the use 
of thirty-four pre-programmed functional blocks which ars 
Similar +c FORTRAN subroutines. Thes¢ blocks provide rapid 
access to mathematical furctions, SWteenrng nce ons, 
Saige al SaUTCESs, eerie tune tons and FORTRAN functions. Since 
shis thesis represented the first attempt at the Naval 
Eeeearaduat= Scehool to accurately model the flight contrel 
system of a modern, highly augmented tactical aircraft it 
was deemed important *o cencentrate on the physical systems 
rather than become involved in the complexities of numerical 
analysis. 

Alternatives to CSMP which were considered included 
analeg programming and FCRTRAN programming. Analog 


orogramming was not selected because it is less 


10 





representative of the systems to be modeled and it is less 
aeeclm=a-e than CSMP. WlewCeNG cnt §On DEOGraNNanhgrd2s sect ly in 
FORTRAN was CaemseruVly Considered. Since FORTRAN is «the 
source language for CSMP the capabilities of CSMP aré a 
subset of the capabilities of FORTRAN itself. Additionally, 
CSMP has restrictions on the number of allowable statements, 
constants, variakles and cther parameters. Uniike FORTRAN, 
when functional blocks in CSMP are used, the programmer has 
Mowd@tzect Control of mathematical cp2rations internal to the 
functions. Tke primary reasons for which CSMP was selected 
were its simplified input statements, sutout statemen=s and 
program conzrcl statements which facilitated rapid program 
wes tand and testing. Additicnally, thé automatic time and 
SkePeectiae scalanc, data fcrmatting, and compatibility with 
graphic display devices which CSMP prevides are well suited 


for prototype peregram development. 
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Il. METHODOLOGY 


Av FROGRAM ORGANIZATION AND NOMENCLATURE 

Reem al led description of =the flight control laws of the 
P7e@-18 azrcratt is given in the McDennell Aircraft Conpany's 
system design report [{Ref. 2}. The comzuter pregran 
developed in this thesis is based upon figure 16.1 cf this 
aipomenee atl - lea F/A-18 Lengitudinal, Mechanical, CAS, and 
DEL Control Law Mechanization. This figur2 contains six 
pages of block diagrams depicting generation of longitudinal 
Semeger Signals which are valid for all aircraft 
configurations and failure modes. The version of flight 
So ene me aoCgGram 2ncOrporated in the flight control computer 
pregrammable read only memory (PROM) utilized in chis 
SoanuebasiOn is 8.2.1, dated August 31, 1982. 

A brief discussion of the F/A-18 flight control sys<en 
is necessary to facilitate a discussion of control law 
modeling. All ccmputations of ccntrol laws ar¢ accomplished 
Bademesd=meny by fEouzr channels of digital computation. 
Papeiozy cComeccl] in the pitch axis is provided by symmetri 
deflection cf the horizontal stabilators. Full span leading 
edge flaps and trailing edge flaps are scheduled to provide 


Maximum lift +c drag ratic during maneuvering, high angla 


v2 





pumattack and cruise configurations. Rowe Vecn= =o) 
accomplished by ailerons, differential stabilators ard 
feeeeesen= tal leading and trailing edge flap deflection. 


Dereice.onal ccntrol *s maintained by dual rudders. Th 


WD 


thesis computer program which is contained in Appendix A 
Simulates the cutput cf one channel of digital ccmputatior 
and calculates the angular vositions of the stabilators, 
leading edge flaps and trailing edge flaps. This simulation 
does not calculate rudder or aileron deflection, however, 
all electrical sionals r¢eguired for cross axis intercennects 
are provided. 

The <~ask cf programming the information given in the 
longitudinal cecntrol law méchanization schematic was 
Simplified by t<we means. First, the program restrictions and 
Pawtperons ~cC conditions ¢f flight which are discussed in 
part B were applied. As a result sections of figure 16.1 
Which apply =c mechanical ccntrol laws and spin modes, for 
example, were deleted. This reduced the number of schematic 
blocks to be modeled by approximately one third. The second 
Simplification arose threugh a system of nomenclature in 
which nine control paths were defined in order to limit “hs 


Bumes OL Inout and cutput Signals for any specific path. 
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mien combined, these nine paths fecrm the total longitudinal 


@onerol law mechanization. 


Pegucc 2. if the overall longitudinal control signal 
block diagram which was used in this simulation. I= was 
@ecawved by abpeclying all program assumptions or rest=ricticns 
Siemen=ead In cart B to figure 16.1o0f the system design 
EopOrt. 

Block diagrams depicting the logic development of he 
comporent paths are included in Appendix A. The nomenclax<ure 
for each centrol path which is given in Table I is peculiar 
eemecies Simula*icn prcegqre a 

Table II lists nemenclature for control signal groups which 
aze common tc beth the McDonnell schematic and to this 
Simulation. Signals with common prefixes are numbered 
consecutively in the feed forward direction. The primary 
feed forward input to the CSMP simulation is pilot stick 
force. Feedback signals include pitch rate, roll rate, yaw 
rate, angle of attack, nermal 2 CES OREELOS and differential 


control surface commands. 


B. PROGRAM RESTRICTIONS AND ASSUMETIONS 
The task cf cbtaining @ working computer program to meet 


the thesis objectives did not require zthe simulation cf all 
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TABLE I 


Gcnene! Stgnei Paths 


FATH SIGNAL PREFIX 


Main path (open lcop 
pfiot’sctc Pn put path 
Pitch rate gyro fath 
Angle_of attack senscr path 
Ncrmal accelerometer 
Ferward inctegratcr path 
Seka aon Path 

Leading edge flap path 
Mmiecelang eage flat paz~h 


on 8 ad OP he 1 b<0 as Le 
HEH N SS oMtYd 


TABLE II 


Common Signal Nemenclature 


(OR PREFIX) DESCRIPTION 


of attack (computed) 

of attack (true 

On (air data schedul¢) 

ta schedule gain parameter 
pressure 

Gis. <omag =) 1OCetlon 
Sible dynamic pressure 

@ quotient (=QC/PS) 


WOON SAY 


Bee eete Cond <icrs of flight. Thus, an assumed aircraft 
Semmrgimation ard flight condition led +o many 
Simplifications in the mecdel. Each major assumption is 
discussed belcw. Should future researchars desire «to 


construct a mcre general mcdel, additional program Logic 


Zo) 


Seve could be included in this CSMP simulation without 


requiring majer revisions te the progran. 
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Assumpticns: 
Weapetewaesecratt flight control electronics set (FCES) is 


operating normally. Frimary compenents of this set includ 


tp 


Seegie econt=cl cCmputers, pitch, roll and yaw rate gyros, 
accelerometer assemblies and flight control panels. The FCES 
Gorte-ns legic sequ=nces for failure detection ard 
corrective ccntrel law inaplementation which were ommitzed 
from the thesis computer program. 

Woene ca2berart 1S under inner loop control. In this 
Medemmi ot stick force forms the primary control input. 
PuecrpelO= Lunctions such as heading hold, roll or pitch 
Seemeeade ncid, anrd altitude hold are not in operation. 

3. The pitch control augmentation system (CAS) is 
eae veceng 1Ongi.2udinal control. Backup control systems which 
Seemice an OpetTa- Aton include the mechanical backup mode and 
the direct electric link (CEL) mode which provides an open 
ISepms onal frem the pilct stick position senso> ts the 
stabilator ssrvoactua*tor. 

eee wartczatt is Operating in the uo and away flight 
phase in the auto flaps up (AFU) configuration. This phase 
requires thaz the flap switch in the cockoit be in the AUTO 


position or that the calikrated airspeed be greater than 243 


17 





knots. In the AFU mode gain schedules are optimized fer 
combat maneuvering characteristics in =the low +o mid dynamic 
oressure regime. Made d ec Date. a etinl lM in beqrakor icon clrcls 
Moea factor and, at angles of attack above 22 degrees, 
propcertional nese down commands are introduced. 

pene Celn Switch is in the normal position. The 
aes age DOSi*#i1On Sf this switch causes flight computers +o 
use fixed values for air data schedules and a predetermined 
angle of attack in control law computations. The normal 
sosition of tke gain switch allcws measured values of air 
data and angle of attack tc be used. 

6. The aircraft is operating with weight off the wheels, 
soeed brake in, and with ne external stores. 


7. Anti spin functions are not Simulated. 
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reas. CONTROL DAN NODE LENG 


Ae Bere DALLA SCHEDULES 

Air data schedules are functions of static pressure 
CeoyeyeCOMtLessible dynasic pressure (QC), and other 
varameters such as normal acceleration, angle cf attack or 
Penmaes Cz 2xternal stores. The longitudinal control laws 
Gomed2n Ineuts from 13 different air data schedules which 


peeomeristed in Table III. 


TABLE BE 


Air Data Schedules 


FUNCTION DESCRIPTION (INPUTS) 
F12 Pouce tonwated lCopeen -eaqtatecn = gain Scheduls (RI, PS) 
E22 Fader on supersonic compensation (QC) 
EZ Seopa Coeplsen, ©Ouward Loop’ integrator (AOA) 
F24 Trailing edge flap schedule (AOA, RTI) 
EZ) Trailing edge flap schedule (QC {imit) 
F2/ Leading edgé fiao schedule (AQA,RI) 
F28 Leading edge flap schedule (QC fr m2) 
Pe ANY Leading edge flap schedule (RI limit 
F32A ee a feErwaed 1oOCr eae schedule (QC) 
Shy NZ Limit on AOA fesdback ( ai) 
F4O Pitch rate feedback gain schedule (PS,QC,RI) 
F68 Pitch rate feedback gain schedul2 (QC) 
F107 Longitudinal inertial gain schedule (QC) 


Each schedule c¢cntrols an output gain for a particular 
piegeceu Function 32A, for example, yields a uniform initial 
vitch acceleraticn in reetense tc sharp inputs, with gain 
decreasing at high values of compressible dynamic pressure. 


Other functions such as function 29U are used to determine 
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ieee beOC> LOwect Pamit to an input Signal. Simulation of 
eMesemrunecticns of th= CSNE format required «hat individual 
computer programs be written to tést each air data schedules. 
In all cases the final result was given in the flighx 
control system design report, usually in graphical form. 
Conversion to CSMP format was done by extraction of data 
ooints from graphs, use of logic flow charz=s when available 
and direct employment of those mathematical formulae which 
were given. Cnce programmed in CSMP, the tabuiar and 
graphical output data was compared to data given in the 
design report for the same test parameters. Thus, the output 
f each function was independently verified before the 
A oe r.cn ae Mmcllded in the Jorngzrtudinel control law 
Simulation. 

The simulaticn is written tc take advantage of CSMPts 
SORT and NCSORT capabiliti¢ts where acpropriate. The NOSORT 
woeencneot GSMme £5 used for corditional logic and kEranching. 
This statement allows the user flexibility in creating 
secticns cf the program in which crdinary FORTRAN rules can 
be used. In NOSORT secticns intermediatS variables were 
defined, comparisons made and appropriate branching was 


executed. The rogram statements were returned to SORT 
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moment a5 SOON a= conditicnal logic was no longer required. 
An early prcblem revealed «hat if two or more SORT secticns 
are separated Ey a NOSORT secticn information will not be 
passed between the separated SORT sections. To prevent 
Semone tesulzing fErom™this restricticn from occuring the 
follewing decisions regarding the orier of program 
statements were made. 

1. The number of NOSORT secticns should be minimized. 

Ze NOSORT sections should be located close 
together,allowing fewer and larger SORT sections. 

3. Macros should be utilized when possible. Macros, 
meseheare cimilar to subroutines, aeemdsceussedionepan. 2 
under frequency averagers. 

The task of arranging program statements to minimize the 
number of NOSORT sections was greatly simplified through the 
use cf the "output variakle sequence" tabulation which is 
Saoquced aS part of the CSHP standard output. The final 
number of NOSORT statements in the computer simulation could 
have been further reduced ty this method, however, this 
would have required the mcvement of large program blocks and 
Caused a deviation from the Logic oath used in progran 


develcopment. For example, the NOSORT sections of functions 
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12 and 40 could have been combined. This would have 
increased difficulty in program debugging and made areas of 
*he program which require combinational logic less apparent 
to readers. 

Appendix C contains documentation for the air data 
schedules. Each schedule is included in a complete computer 
orogram which produces tabular and graphical data to ma«ch 
@eewchiabactes2stics Of figures in the design report. In 
incorporating «hese air data schedules into the longitudinai 
contrel law simulation all schedules e¢xcenot for function 24 
were placed before the main computational body of the 
program. Functicn 24, the trailing edge flap schedule, 
reguires conditional logic and contains computed angle of 
attack as an input. Since computed angle of attack is 
generated in <he normal accelerometer path, function 24 was 
placed immediately before the trailing edge flap path 


computations. 


Be FADERS, ANALG TO DIGITAL CONVERTERS, MECHANICAL 
BREAKOUTS 
The purvcse of faders is +o eliminate large 
duscecnemmust c= in gain, permitting gradual change in output 


from old values =o new new values at a desired sample rate. 
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Meee re are Located in Figure 16.1 at the outputs of air daxa 
schedules and gain schedules which are dependen= upon 
peeeCctzeart configuration. Discontinuities may arise as 2 
result of a change in physical measurements such as dynamic 
pressure, change in aircraft configuration such as spe2d 
brake ¢xtensicn, or changé in mede of flight. The lower 
limit for signal MP4, for example, changes from a gain of 
mewo2O 0.0 as a result cf spin entry. Since the thesis 
computer program assumes that electrical Signals vary 
smoothly and is restricted to up and away controlled flight, 
faders are modeled in freguency only. 

Analog +o digital conversion and frequency matching are 
obtained Ey a sample and held process. Sampling times are 
gznerated by the CSMP functional block IMPULS which produces 
a time series cf unit impulse functions with a specified 
Start time and period. Since these pulsé trains are used in 
s@verali areas cf the program, impulse funccions of 20, 40 
and 80 hertz ere included immediately following the air data 
schedules. The zero order hold function ZHOLD keeps signal 
Gain Constant throughout the pulse period. 

A mechanical breakout force cf two pounds is modeled in 


elem retot Stick input path. When large stick forces aré 
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eee eca, -he resultant Signal is calculated with a reduction 
in magnitude cf two pounds. This mcdeling is accomplished in 
@ome by the déadspace (DEADSP) functional block. Figure 16. 1 
or the design report depicts 2lectrical signal "dsadbands" 
which are ccncevtually identical to mechanical breakouts. 
Appendix D cortains a pregram which displays deadspace 


Guepucs in takular and graphical fcrn. 


OE Prete oenG FILTERS AND SIGNAL LIMITERS 

The longitudinal control laws cf the F/A-18 include five 
aliasing filters which are modeled as first and second order 
Laplace transforms. Mie ELaSteeOngdcr  treansfozrm is of «he 
type A/(BS+1) and is in tke pilot stick inout path. This lag 
type filter with one real role is converted =c CSMP forma: 
by the functional block REALPL. A required initial condition 
is the value cf the output signal when time is zero. This 
may te determined arbitrarily by th? user, but was set to 
Meee, fOr this simulation. 

Second order filters are present in the pilot stick 
2nput path, pitch rate gyro vath, angle of attack sensor 
path and normal accelerometer path. Each is of the form 
A/(Bs*+Cs+D) and represents an underdamped system. The CSMP 


Hitteceecmal block for complex poles (CMPXPL) oo weed. 
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Pieecmeale CONnd:ti1ens are tke value cf tha output signal and 
time rate of change of th= cutput signal when time equals 
zero. Natural frequencies varied from 4.34 hertz in the 
Pwicmoceck @nTut path +o 33.3 hertz in the angle of attack 
senser path. The appendix contains a comcuter program which 
demonstrates tke CSMP outfuts of both first and second order 
alzasing filters. Unit step inputs were introduced to each 
filter to generate transient responses. The first order 
filter produced an exponential rise *o steady state with the 
correc: time cecnstant. cCharactaristics of th2 second order 
filters such as rise *ime, peak time, maximum overshoot, and 
setrtling time compared favorably with theoretical 
results [Ref. 3]. 

Signal limiters restrict «he maximum or minimum values 
of an output Signal. Starila=or©r surface deflection, for 
example, is limited to 10.5 degrees trailing edge down and 
24 deéegre2s trailing edge up. The CSMP functional block LIMIT 
allows direct specificaticn of lower and upper signal 


ang tS. 


Dd; PeeOuUeNCY AVERAGERS AND RATE LIMITERS 
A characteristic cf tke F/A-18 flight control system is 


+*hat various signal paths operate at frequencies of 20, 40 
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Saeomuc=tZ, Wnen Signals are cémbined mathematically, tne 
inputs are first converted to a cecmmon frequency. Normal 
accelerometer path signals are computed at 4O hertz and 
Goumoemed With cutputs of tke forward integrator path, which 
operates at 20 hertz. In this case a 20 to 4O hertz averager 
is present between the integrator path and the summing 


junction connected to the normal accelerometer path. The 


jv 


algorithm used fcr the 20 to 4O hertz averager is based on 
vrocedur2= given in the Flight Control Electronic Systen 
Revort fRef. 4}. The averager was reguired to generate 
signal values at twice tke rate of the incoming pulses by 
linear interpclation between amplitudes of the two previous 
Sages at ZO hertz. The formulas used to generate 


intermediate signals were: 


Z4O = Z240Z1 + DEL (3.1) 
De = 22205-22021) Hat. 0 (3222) 
where: 
Z4 0 = current value of the 40 hertz signal 
Z40Z1 = previous value of *h2 40 hertz signal 
Z2 0 = current value of the 20 hertz signal 
Z20Z1 = previous value of th2 20 hertz signal. 
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Conditional logic was us2d to keep the output signal 
equal to the input siqnal at czimes when tha 20 hertz impuss 
functicn was equal to one. The algcrithm was initialized by 
letting "previous values" te equal to input= values when time 
equals zerec. 

The presence of numerous fréguency averagers in the 
control laws would have reguired the repetition of mary 
statement biccks without «he use cf CSMP program MACROS, 
which are sitilar tc FCETRAN subroutines. Frequency 
averagers in tke thesis ccmrputer simulation were included in 
MACRCS and placed at the béginning of the orogram. A MACRO 
may ke used several times within a frogram. Input and output 
variakles are given dummy names, yet the MACRO is invoked 
with aounigue name which is assigned ina function 
definition statement. A Jimitation to the use of MACROS is 
that variables which are defined in MACRO structure 
Statements are not availartle for output unless «hey are 
designated as arguments in the function definition 
Statement. pddectondlly, Cekltain ftunccional blocks such as 
REALPL, CMPXPL and INTGRL cannot be used as 22>guments or as 


parts of a MACKO structure statement. 
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MicewPROCEDURE Eunction of CSMP was used in each MACRO «+o 


causé statements to be executed in the order of their 
appearance. Fach structure statement of a MACRO will he 
individually scrted unless PROCEDURE is svecified. All 
statements contained within a PROCEDURE function are treated 
as a single block which can be mcv2d but not rearranged by 
the CSMP tréensla*or. 

FORTRAN subprograms were not used in this simulation 
because the size cf the Ilengitudinal portion of the program 
did not approach the maximum limits of CSMP. Enedus tome. os 
the lateral and direc*ional contrel systems in this program 
will require that measures b2 taken to remain within the 
allowable number of structure statements, NOSORT sections 
and MACROS. The CSMP translator is not used +o process 
FORTRAN subpregram statements. Sance.s th= number of 
Subprogram statements is net counted «he overall size of the 
program may ke increased. The capabilities of the computer 
system library may be utilized by subprograms through «he 
use cf the CALL statement. The CALL statement must, however, 
b2 included in a NOSORT or PROCEDURE saction. A method to 
invoke subprograms exists which does not require NOSORT or 


PROCEDURE sections, but it is valid cnly for two or more 
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output variables and it requires a specific format for 
arguments. A final restriction to the use cf FORTRAN 
Subpregrams is that certain CSMP functional blocks such as 
ZHOLD, IMPULS, and CMEXPL are not allowable. 
taeelLOnglzudinal contrecl laws contain rate limiters 
which operate at frequencies of 20 hertz and 80 hertz to 
restrict the speed of leading edge flap movement. The 
algorithm for ‘these limiters compares the value of each 
znccminrg signal with the value cf the previous output 
Signal. The magnitude of t+he difference between these 
signals is precessed by the LIMIT functional block which 
generates th2 current output signal. The 20 hertz rate 
limiter, for example, allews a maximum change in output 
Signal value cf 0.9 degrees during each period of 0.05 
seconds. A listing cf the program which was used to test the 
Sate limiter is contained in appendix D. GOarec teouepucs 
were cbserved fer both increasing and decreasing input 


Signals. 


Bie CIGITAL FILTERS, DIGITAL TO ANALOG CONVERTERS, 
SERVOMECBANISMS 
Three types of digital filters are used in the 


longitudinal ccntrol laws. Z filter number P2 is a lead-lag 
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meeemecentrciles Gn the pitch tate gyro path which operates 
wee 0 hertz. Z Pier Nunez ho, the forward loop 
integrator, operates at 20 hertz and compares the aircraft 
respcense to the maneuver ccmmand. The output signal drives 
the stabilator servoactuatcr «9 reduce =he maneuver errer to 
Zeeo. this allcws the aircraft to to be automatically kept 
iia hands Off condition since “the forward integrator 
zliminates unccmmanded normal acceleration. 2% filter number 
Poo as € StructtEal notch filter which operates at 80 hertz. 
It attenuates aeroelastic bending which is detected by the 
moticn sensors. 

In the simulation each filter was developed in its mnost 
Seesalt =£Cpm fOr inclusi¢cn in a MACRO. The following 
equation for lead-lag filter number P2 is given in the 
Schematic Lesign Report [ Ref. 5]. 


PRY (14EK11*(1-EK12))Z - (PK11+1) *(1-PK12) 
PR3 fh (OS Fay (25) 


Tt is scdeled in the thesis Simulation as 


FOUT AZ ~- B 


FIN YA a (3.4) 


where A, Band Care constants. The right shifting and 
linearity properties of the z transform are used to solve 


ekprae-tly for the variable FOUT [{Ref. 6j. 
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BOUT Ac 8 (Z= 1) 


FIN jC eng 1) (Sie 5) 
Cross multiplicazion and rearrangement yields: 
FOUT= A*FIN - B¥FIN(Z-1) + C*FPOUT (Z-1) (37..0) 
which is described in the simulation as: 
FOULT—-aA*S TN =" BLPINZ? + C*PFOUTZ1 (357) 


ines method, which is termed direct realization 
2rogramming, was also used in the developmen of the notch 
meee r and =he forward loop integrator. The equivalent 
Laplace zransform for each TOnigane ua ema eet eee OMe Ou. 
Mice ret= listed in the design report. This permitted a 
Pmecewecneck Of Z £llter performance which is included in 
appendix D. 

A specific method of integration may be specified in the 
commiral ccrtion of a CSME progran. In the case of flight 
control simulaticn the Runge-Kutta Fixed Step Size (RKSFX) 
methcd was ucilized +o ensure that intsgrations would only 
occur at the désired sampling rate. The highest Sampling 
frequency in ary axis of the F/A-18 flight control system is 
SOmwnere Zz, thus the CSMP intzegraticn interval DELT was 


soecified as 9.0125 seconds. 
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Peeevaraarie KEEP is used in CSMP to indicate that the 
end ef a vaiid integration step has bean reached. KEEP is 
SBeweeguael oO Gne when this conditicn is met. During trial or 
intermediate integration steps KEEP will equal zero. Each 
foeercGrecoOnitains ccnd?ti0nal logic which allows calculations 
+9 be performed only when KEEP equals one. 

Conversion cf signals from analcg to digital form in the 
F/A-18 occurs as the signal reaches the servomechanism. The 
quantizer functicnal block (QNTZR) is employed to accomplish 
the analog =o digital simulation. The transfer functions 
used by the stahbilator and flap servemechanisms are not 
cublished ky the manufacturer of the aircraft. In order for 
the thesis ccemputer program to generate control surface 
POloweecis ths response chatacteristics cf a Parker Hannifin 
fly-kEv-wire actuation system were incorporated. The selected 
Hemeuedcess wer] designed fcr use with all-digital flight 
Semeerolswena aze modeled a= second order systems. The 
Sraoetazon transfer functicn is 


1600 
s+ 565 + 1600 (3.8) 





X 
mak 


where X is the actuator position in degrees and Ei is the 
position ccmmand. DPne Pecans reramruneczen £Or both leading 
anamtresling edqe flavs is 
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400 
Bi s*+ 28S +400 (3.9) 
The advantages of using the second order model instead of a 
first order model are that the faster rise time mote clossly 


presen=s the fhysical actuators and that the natural 


iD 


frequency and damping ratio may ke indévendenctly medified. 


ate FROGRAM TESTING METHODS AND RESULTS 

The z~hesis ccmputeéer program was tested on three levels. 
The lowest level involved evaluation of the individual 
Seatmat DLOGCKS Cf figure 16.1 in the system design report. 
Sections A thrcugh E of this chapter describe signal block 
modéling téchniques and arppendicies C through G contain 
testing pregrams. TemOUcetMeVe rb t1cacteONn Of proper program 
operaticn it was desired to create input signals of 
realistic value which would produce a time varying output. 
The rate limiters, for example, were cwcastad with an input 
Sera which cose 2xponentially to a limiting value, then 
decreased exrcrentially. Output Signals at the desired 
frequency were observed for incoming ignals of positive or 
negative slope and for inceming signals which were within or 


beyond the rate limit. 
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[mes secona level of program testing involved thse nize 
Beeege@aie Pa hs whaeh are listed in Table 1. In most cases a 


Se-perunct202 Was used as the input signal. Intermediate 


Signals were cbserved <o determine ccntinuity, 
frequency,*ime constants, ana GOD fSonMarce With tem =ing 
values. 


The highest isvel of progqram testing required «he 
Meagerd-2ch OL ¢cntrol surface deflections for specific 
Gemeine+=.cns Of pilot stick ferce and motion sernser feedback 
Realises 2-reé= al=zcraftt flight data nor «he McDonnell 
peerage SCn-TTO!l Simulation data were available for direct 
comparison with the ocutputs of the thesis program. The 
description of control characteristics given in the design 
report was used to make a qualitative analysis of progran 
operation. 

One specific condition of flight was selected as a basis 
for comparison of control responsés *o various combinations 
Sememeuten cagnals. This “kase cendition" of flight was 
defined such that inputs from motion sénsors could be 
superimposed on base condition inputs to enable an 
investigaticn cf the effects of each parameter. The base 


condition for program testing was selected to model an 
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Figure 3.1. Base Ccndition Stabilator Response 


Meee niarc Obelrtating at 20,0C0 feet and 250 knots. This fixed 
“he values of static and dynamic pressures for each 
Simulation and permitted manual verification of the gains 
produced by the air data schedules. Additicnally, a step 
mmet2On EEpresenting six pounds cf force in the af 
(eeemceve) direction on «he contrel Stick was applied az 
ime 0.0 seconds. All moticn sénsor inputs were held at zero 
so that their effects could be individually studied. The 
initial deflections of the stabilator, leading edge flags 
and trailing edge flaps were set tec zero degrees and all 


tmEera) cond. tions for filters were set to zero. 
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Figure 3.2. Base Condition Leading Edge Flap Response 


Figure 3.1 dépicts the movement of the stabilator in 
mepeomse “<Oe-re base flight conditions. A transient 
oscillation is produczd in the first second which results 
@e_Glasily feom the second order filter in the pilot stick 
aytem@acs path. After this oscillation has décayed the 
Stabilator continues to deflect at a nsarly constant rate, 
Since feedback inputs are supressed. The stabiitator reaches 


“he limicting value of 24 degrees -zrailing edge up after 9.6 
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Figure 3.3. Leading Edge Flap Response to AOA Feedback 


Pegure 3.2 is a plot ct lsadin 2zdge flap deflection 
(LEFLAP) versus time for the bas¢ flight condition. A steady 
state flap deflection of 4.8 degreas is achieved after 1.5 
maeomads.52nce LEFEAP is a function only of angle sf attack, 
Static pressure and dynamic pressure it was desired to 
observe the variation in LEFLAP with anglsa of attack. A ramp 
*ype increas? in angle of attack sensor inpu« (AA1) was 
superimposed upen «the base flight condition beginning at 
time 1.4 seconds.The resulting schedule of leading edge flap 
@etlece2on 25 shewn in Figure 3.3 and is consistent with the 


mune tonal descript_on given in the design teport. 
a 
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Figure 3.4. Base Condition Trailing Edge Flap Response 


Trailing edge flap deflection was modeled similarly in 
Paguress. 4 fo> the base filght condition and in Figure 3.5 
mepeetmu=—COnditiOn in which AA1l is a ranp function starting 
at time 1.4 seconds. 

To determine the effect of ferward préssure on the pilox 
stick a step invut of -12.C pounds was surerimposed upon the 
base flight condition at time 4.0 seconds, which simulated 
an instantanecus reversal cf stick force. Figure 3.6 shows 
that the directicn of stakilator deflection changed abruptly 


boomeantroduction af the new stick force, and that the 
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Figure 3.5. Trailing Edge Flap Response to AOA’ Feedback 


Bagnituds cf the steady state rate of stabilator deflection 
PaseadgppEoaximecely unchanged. Pilot stick force inputs of 
larger magnitude were simulated, but the results are not 
shown. In these cases the rates cf stabilator deflection 
increased while initial oscillatory behavior exhibited 
characteristics similar tc base condition r2sponse. 

The influence of angle of attack feedback on stabilator 
coSition is displayed in Figur= 3.7. As described in the 
design reper:z, angles of attack in excess of 22 degrees will 


generate a proportional stabilator command causing the nos¢ 
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Figure 3.6. Stabilator Response to Stick Force Reversal 


Semene ao rcraftt tO pizch dewn. In this simulation the angle 
cf attack inpu*+ function AA1 was set equal to 22 degrees 
plus a ramp type incr¢ase of one degrea ver second starting 
a- time 4.0 seconds. The resulting stabilator deflection was 
mulcimeal tO ~hat for the base condi sien until ‘tine 4.0 
seconds due «o the action of the -22 degr22 bias in the AOA 
feedback path. The nose dewn pitching effect of AOA feedback 
-s apparent at all later times. In response +o the base 
condition the stabila+or had reached its maximum limit of 24 


deqrees trailing edge down at time 9.5 seconds. The 
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mieiplicaticn of ACA feedback restricted stabilater deflection 


+0 20.9 degrees at time 9.5 seconds. 
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Figure 3.7. Angle of Attack Damping 


Normal acceleration damping is shown in Figure 3.8. A 


ramp increas? in normal acceleration equal to \e0g' se per 
second was superimposed on the base condition ar time 4.0 
seconds. The cutput signal varies smoothly due to the face 
hat normal acceleration path outputs are processed by *he 


forward integrator path. The stabilator reverses its 


direction cf mcevement within one secend of the time feedback 
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meet nmtszoduced. In this case “he stabila-or reached its lini- 
eecoertection of 10.5 degrees trailing 2dg2 down at time 9.0 


seconds. 
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Figure 3.8. Normal Acceleration Damping 


Reeezding to the design renvcrt, the predominant 
Semeriopmetcn tO pitch damping is generated by =he pitch rate 
gyro path. This is because the pitch rate signal PR5 is 
Summed with the main path signal MP9 downstream of the 
Peewierdeeintegra-cr as Shown in Figure I. Figure 3.9 depicts 


stabilator position versus time for a ramp increase in pitch 
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fate beginning at time 4.0 seconds. The change in direction 
wes taps!ato= movemen= is much more rapid thar that produced 


by angle of attack or normal accelération damping. 
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Figure 3.9. Pitch Rate Damoding 


The thesis ccmputer pregram used a significant portion 
of allowable CSMF program size. Table IV, which is extracted 
from the "translation table" secticn of CSMP output, lists 


the areas of the program which most closely approached the 


euveniomsite of CSMP. 
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TABLE IV 


Program Size Restrictions 


Cuertens CS MP 
Pale erer Eee ts ay Nex. mum 

MACRO and statement outpu<s 206 600 
Statement input work arsa 422 1900 
Farametezrs-functicn bis eager ss 43 400 
History and memory ock names 21 5 0 
MACRO Statement race 85 125 
SCRT s¢ctions 5 20 
Maximum stat2men=s in ssction 171 600 


IV. CONCLUSICNS AND RECCMMENDATIONS 


The computer program developed in this thesis simulate2s 
Mmimpesto=Mance cf the longitudinal flight control systen of 
me F/A~-t8 aircraft by génerating control surface 
deflections and cross axis electrical signals. The responses 
to AOA, normal accesleraticn and pitch rats fesdback 
GoGm@ecpond <e the descriptions given by zhe aircraft 
Manufacturer. 

The use of CSMP simplified the «ask of system modeling 
by provisicn cf pre-programmed functional blocks and a 
Plexiple fermat for sutvuts. The CSHP  xrogram size 
Testrictions dc not appear +o be a factor which would 
peowee = the acdition of the lateral and directional flight 


control systems tc this simulation. It is recommended that 


qe 





EUcure expansicn cf this program be done using techniques +o 
conserve program siz2. FORTRAN subroutines and computer 
foeomery LuneCe=cns should cre utilized dus «to ths linited 


MACRO and NOSORT capabilities of the CSMP translator. 
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AEPENDIX A 


Pon CONTROL S¥STEN COSPONENT PATHS 








PILOT STICK 
FORCE INPUT 
(L8S) 





PS1i 


ME CHANICAL 
BREAKOUT (2 LB 
MIN) 





PS2 


STICK DYNAMICS 
(SECOND ORDER) 





PS3 


ALIASING FILTER 
(FIRST ORDER) 





ANALOG TO 
OIG! 


TAL 
CONVERTER (80 
HZ) 








PILOT STICK INPUT PATH 


PS5 
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PS5 


DEADBANOD (+/- 
IN) 


PS6 


STICK GRADIENT 
(FUNCTION 20) 







PS7 


LIMITER 


PSé 





OIGITAL FILTER 
P5 





PITCH RATE 
GYRO 


PR1 


ALIASING FILTER 
(SECOND ORDER) 





PR2 


ANALOG TO 
DIGITAL 
CONVERTER 


FAILURE 
DETECTOR (NOT 
MOOELED ) 





PR3 


ogee RS ILTER 
(N/A) 









PITCH RATE GYRO PATH 


PRI cary ILTER 





LIMITER 


XS 
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ANGLE OF ATTACK SENSOR PATH 















att Av AAS (ALPHAS) 
SENSOR 
AAI 
-22.0 DEGREE 
b<) BIAS 
<s 
AAG 
ANALOG TO 
DIGITAL LIMITER NZA (FROM 
A TER 
certian 
AA3 
AAT 
be 
Bx 
AA3 Pv1 
ANGLE OF ATTACK 
COMPUT AT IONS 
20 HERTZ 
SAMPLE /HOLD PYIA 


DIRECT TONAL 
SYSTEMS) 
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NORMAL ACCELEROMETER PATH 


NORMAL 











ACCELEROMETER SC 

eS SYSTEM) 

AA} NZ4 
TO LATERAL 
SYSTEM 
ALIASING FILTER 
(SECOND ORDER) 
DIGITAL FILTER 
PS 


AA2 





ANALOG 10 NZS 
DIGITAL 
CONVERTER 
LIMITER 
AAS 
py2 


20 HERTZ 
SAMPLE /HOLO 





AA} (NZA) 








FORWARD INTEGRATOR 
PATH 


MP3 (FROM 
MAIN PATH) 






POSITIVE LIMITER EGATIVE LIMITER ALPHAS 
(FROM AOA 
SENSOR PATH) 


S$ 


DIGITAL FILTER 
Pg 


F 16 


ARIABLE LIMITER 
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STABILATOR PATH 





LIMITER 


ST2 





DIFFERENTIAL 






, ? STABILATOR 
Se cat Se 
ST6 STs 
LIMITER LIMITER 
$17 
ST4 


OIGITAL 10 
NALOG CONVERTER 


OIGITAL TO 


ANALOG 
CONVERTYER 





ST8 
$T5 





LEFT RIGHT. 
STABILATOR STABILATOR 
SERVO- SERVO- 


ME CHAN ISM 


ME CHAN ISM 
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DIGITAL FILTER 
Pid 





LE2 


20 HERTZ 
SAMPLE /HOLD 


LE2T 


x 


LE2Ti 


ARIASLE LIMITER 





LE2T2 


LEADING EDGE 


FLAP PATH 


a2 


ARIABLE LIMITER 





LE3 


RATE LIMITER 
(20 HERTZ) 







LE4 







20 HERTZ TO 80 
HERTZ AVERAGER 








LIMITER 


Cel? 


18 DEGREE/SEC 
RATE LIMITER 
(80 HERTZ) 






LE13 


LIMITER 


LE14 


OIGITAL TO 
OG CONVERTER 





LE15 







CERT LE. 
FLAP SERVO- 
ME CHAN IS 













LEADING EDGE FLAP 
PATH (CONT'D) 


DIFFERENTIAL 





o£, 
FLAP(CATERAL 
SYSTEM) LE6 
LIMITER 
VARIABLE 
DE ADB AND 
LE? 


18 DEGREE/SEC 
RATE eee 
(80 HERTZ 










LEs 


LIMITER 


LES 


OIGITAL 10 
ALOG CONVERTER 


ME CHANISH 





5 





TRAILING EDGE FLAP PATH 


AAS (FROM 
AOA SENSOR 
PATH) 


OIGITAL FILTER 
Pi2 


F24 
eS ae 
— ail 
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TRAILING EDGE FLAP PATH 


~ 


TE? 


LIMITER 


TES 






DIGITAL TO 
OG CONVERTER 





TES 








(CONT 'O) 


OTE! 


DIFFERENTIAL 
LAP 


(LATERAL 
SYSTEM) 


=e) 


LIMITER 


TES 


OIGITAL TO 
ALOG CONVERTER 





Tes 










RIGHT T.E. 
FLAP SERVO- 
WE CHAN I Si 





AEPENDIX E 


FLIGHT CONTROL COMPUTER PROGRAM 
OK OR tO ok tok ok ok tok ak a tok dd KK OK RK KK KK 
** LONGITUDINAL FLIGHT CONTROL LAW SIMULATION a 
* CK Kk ik kkk tk dak dk ak ik 
eo RR a KR KK EK kK FO 
*ex XXX INTEGRATING, LAG, AND NOTCH DIGITAL FILTERS ** xxx 
$k OR tok ke tok ok kak ok tok a dog dk fk ko dk ok oe 
CEDURAL KA,KB, IMP, FOUTZ1) 


0) GC TO 10 
GO TO 10 


cS tH de HH HH tt HOH 4 


ACR 


Ory 24S —~— Ot 
CQitnitd-e c 
Ow gh) = tae 
tt 


FNNHAAARAAHONNO ANFAHAARAHNO HHFHAHO 


HeeNN WH eNOS HWeaINIHY RO HN WA ese 
Ci tt 


CHOnt ra 


SlamiemdOn BaanKnemus 
=2O'dtdaiaet 


Crt tl a ttt. 


3 

cr il 

Rid tindreaa 
r+r3O 

mri 


a tri tte 
Wii Hte © STON tahintte 6 SDN tite 6 aw 


Ad et tht HHH ed Oo Otter eh eH TH OO 9) HH eH OO 
ad KOK ES ht Oe 


HOOOMHADH AOHOOARaND AOOOMA Ay 


ar} 
aw il 
ta 
bry hy 
Mik td Hin mts 
Zw ms «@ 
Nac+Oou- = 


K*XKEKPREFQUENCY AVERAGER S*¥* *** 
CC eC eCCSCSOOSS SOS SET TS SS SSS 
OCG ee tad pote?) 


4 
E 
* 
* He ee oe ode He ode ae he a ek eo ek ok eK KK KKK 
= 
a 
M 


RE.1.0) GO TO 20 
NE.0.0) GO T0 5 


oul See 


trtOoO 
© aoNrmdk 


0) GO TC 10 


5 


Ol. 
S DEL 


22021) /2. 0 


On 1 


U 
K 
T 
1 
1 
0 
O 
iL 
Z 
C 
Z 
a 
I 
i 


AANNONOANHQIOINNHH 

SE ee eet: 
© 

CONNNO]Ord saONN Sine 


™'4 OOro©O 

RHINN WH HA ewe Teen. 
Mm eaillinwO £2 

Fainif&arma une 


fh) 
Ou 
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ONNTOHNO 
stMmUOAVOY S&F e 
RUN SHNOMG 
BH == =e en 
MO MOOD we 
Mm -eO et HON 
WM Olle em 
NONOHhAND= 
Oem IEONON I Au 
(OP NAhie = 
OHnN=w estta « 
WAAEN aemm 
OmNaromst 
NW2EM shun 
jee WOO atm 
HOODOWNO se 
“le « & oe ot 
MOOOCONDO It 
eH nnn lt 
Mee ye ONO 
™ UUNDHOUNG 
oH tu SREY 
NIN wOM s 
m= WUNVAICO efxy]O 
—WAZTOOH e 
th es ese eH 
YUOOoOOOor.o II 
Oe 8 eOV] eo 
MO eHOU 
onnthoaila 
aN fe ae ON 
COUNNHOUdE 
NRO M eke 
MmMNNRMOOA » 
OVnWo™N Bu Qa Hh 


G 
G 

-0) GO TO 10 
G 
G 

1.9) GO TC 10 


080(Z40,IMP) 
Z40Z1) /2.0 
Sc220, IMP) 
U=22021)74.0 


OO 
THAIS OC eNW CADW DAAWRINAG «NW NINO, 
SF etMSnNNOrMOTOANNDD VCH NNTWMOCONDNND 
caemMHitl t 2) SO ANUNNASe Sean BO NrwZ ua 


0 
0 
E 
1 
0 
C 
O+RAMP (4.0) 


Oo OOO 
eN ce © e 
ONODOO 
tote 


-O*STEP(O. 0) 


HW Aye ew SEIN 
Us Yo ky eT 
AOoTDHOO 
e OOM « e 
ROorTD woo 
Halil wOOCiH il 
Cem NO &§ eNO 
Meu ItOOU® 
BHOHHO Il lh He 
HAMA am OR 
ahs Hy oO INO 2 «x oO wm [eb | a! = CO U) tt 00 UW) fx] eS 
aa -N Ds WF + a ah ad NIMH HHH HHO MAAUMAYIMH AH HHH H + HH HH 


=6 


CAYKYNNITA—H et UINNRRS WAR KNNE THEN NRN NE 
CO fA] Oon Oo ONDOA=" OF) Om ODO OCOHZOO-!@ 
NOMMmAOMOMMODONMADOO DURmNDOMDODMONDWO 
ye eta Oe.) 


KOK eK a KK RK KER KKK RK KKK RK K RK RK KKK KKK KKK 
*¥XEXX INITIAL CONDITIONS AND CONSTANTS FOR BASE***** 
Tee eeor CONDI LEN OF 205000 ET AND 250 KTIS** xx 
TeeCtSCCCCSOS eS TSS CLOTS SS SECS LS SS LSS Se SSS eee ee ee ee 


ne eo a a a a eR RK KK OK KK 
KKXXXFOUNCTIONS REQUIRING NOSORT*** *x* 
oe ac ea RK KK KK RRR ok kk bk KK 


FOI Ok kok ok tok ok kk 
xe KA KT NEOTS 4k ee 
cok OO dom go aio i kk 


PS1 
R 
A 
yA 
R 
R 


a 


A 

C 

E 

A 

C 

FE 
DM AC 
YNAMIC 
SORT 
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HHH OWHEHEIHH e EtHi E HHH NH Be & “hy 0 Etta et OF He Be 0 Bt Oe 
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HH HH WD OO KH HH + N ™ =) Vo) 


0.0167* (-800.0+LIMIT(800.0,900.0,QC)) 
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Mem HM HK KK HH KK Ke KKK KK KK KK KKK 


Fae *eSOnt eEDec U NCLEONS,*5F*% 

oe ee ae ake eo oe eK 
SCRT 

ee eo ee OK OK ek 


SELES L LL E See SST SS SEES ES 
*KARKPUNCTICNS 22, 2 34**** 


V4 





He HHH +H % FF +E Ht t+ BHR F 


tt Ht tH 


HH HH 


HHH 


+H tH tt 


meee oe 35 —0. 16 2 LINE? (15.0,21.998, ALPHAT) 


MEK eH Re KK ek ek ek Ke KK KKK KK KKK KKK EK KKK KK 


re eC LON wea, eo 729 Wi, 29L, 32k, 37 ¥e** 
KK KKK RK KK RRA DKK KK KKK RK RKHEK RK ERK KK 


Peete aceo-0.05106* LIMIT (600.0,835.9,0C) 
F27=1.228* (ALPHAT+7.€584-17.86*LIMIT (0.44,0.63,8T) ) 
F28=44.551-0.0405 8*LIMIT(260.0,950.0 ,QC) 


Beau o7. 5625-76. Zoe MIT (0.7, 1.146,R1) 
E27 =0'. 0 


eee eee e oor OF) 
F32A=100.0/0KF 


Pewee. Olt i. (3. C,560, NZA) 


KKEBRKKA DEREK K EEK KK HD RK KK 
ST SePUNCT IONS 68,0107 **% t2* 
RHKKEKS KPA KKE K KKK KKSPKKEKE 


boo —-Oe 02997 * G-UBO.C+LIMI T(260.0,480.0,0C)) 


Pe tt { (=5.07 14E—7) ABS (OC -750.0))+(8.4E-4) 
F107=LI¥IT (0.0, 10000.0,F107T1) 


x RR RK RK KK OK & 
tk FEL INDULSE FUNCT ONS# £** 
KKK RRR KKK KKRK KKK KAR KK KKK X 
IMP 20=IMPULS(0.0,RATE20O) 
IMPYO=IMEULS(O.0, RATE4O) 
IMP8O=I¥FFUIS(0.0, RATE8O) 


He He Me He eH He eK i KK KK ee OK KK EK 


«kkk ePK FUNCTIONS ** 94% 
Me He HK KK KK KK KK KK KK KK 


PK11=1.65¥*F22 


PK12=0.5654 

PK 16A=3.5*F 32A 

PK17A=F37*F32A 

PK 19A=EF 12*F 320 *3.5 

PK2 1A=F12* F32A* F68 

PK 2ZA=F12*F 232A 

PK16=ZHCID (IMP20, PK 16A) 

PK 17=ZHCLD (IMP 20, PK 17A) 
PK19=ZHCID (IMP20, PK19A) 

PK 21=ZHOLD (IMP 20, PKZ 1A) 
PK22=ZHCID (IMP20, PK22A) 

He He He he He He He oe Hee Hee ek ee He ee ee KK KK Ke 
*kk*ePT LOT STICK INEUT PATH***** 
Heke ke Fee ee Xe he Xe Xe Ke Henk ee ek ae oe ek Kk ek KK KK 
PS2=DEADSP (-2,0,2.0,5S1) 
PSI=CMPXPL (PS3IC1, PS3IC2,0.14,27.3, PS2* 106.47) 
PSU=REALPL (PS4IC1, 7-6365E- 3,PS$3) 
PS5=ZHCID (IMP80 ,PS4) 

PS6=PS5 
PS7=PS6* (7. 0+ (0.2* AES (PS6) )) 
DS8=LIMIT(-25.0,50. 0,PS7) 
PV3=ES8 

BV3ZA=ZHOLD (IMP 20, PV 3) 
PSO=EV3*F32A 


toto tok ek KK ek OK RR eK Kk 
*k*£*£*4PTTCH RATE GYRC PATH * **** 
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FM I Mme+27 
HFOUUNDO NODS 
% eM@t ee NCA, 


#HNAO™— Ay e# A 
% MAK &— ™2 00 3 
HH MYBO eK NM OOH 
HHT SCT A OF 
Had NG, bt a er re 
FMW + Owe we 
H#OSHI +t Ol UWF O 
HOUOC OKC S39 CL 
HPO oc open 
HUNT TN, I 
HUN U UNM ne 
HOAMAEMOSAMNS 
HMGMNANNRS > 
+ 04040, 0,0,0,0,01A, 


70.74,209.0, AA1*4 3681.0) 


AAZIC2 
2 ) 
9 


1, 
AA 
1. 


C 
, 10000.0,AA6) 


ee ke FR a Re eo ke ke oi ok ek ok ek 
MP20, PV 1) 


wea ole OF ATTACK ASENSOR PATH***** 
ee ARR kako tok kc ke eke ok ie ic ak oo ae tak ie a ae ake KK 


,0.89,200.0,NZ1*40000.0) 


H % 

H HH 

H+ 3H # 
HH 

+ +t 

H* Tet 

HH Ei 

H Get 

% Qa %t 

+H + 

H% Ot 

H MHN 
# EHH UO 
#+ BIH HI 
H ESHEN 
KFOFKN—& 
% MH AN 
% GH ey 
HHH = 
H% LIX UO e 
#*H OF HO 
*X#UHNS 
H+ OH NAY 
+ HAA 
HHH —H 
+ ct = 
H 2H 4 MEQ 
H+ Mt ow 
HOH UO 
H+ 2H HO 
HH HON 
% tH H | 
HHHEAM 
HHHNN 
HHH M= 


H H Ht # 


rie¢ IME OO). «6 


,P9C,IMP4O,NZ4Z1,NZ5Z 1) 
eNZ5) 
60 


- 0 
piece Or £62 1) 


Me He He ae Me ee eH KK KK 


ay 
KAKKAKMAIN PATH *¥**X 


g 


710 


SA 
0 


% ws TOOWHON I 
NHOA RWW + AW +t HATN 
FTroHNH + ¢PhHORnDR OTe 
tore OMmoOmMOt UH Ab 
WOH ON GSS BANE 
——FUNSEWNG I 
UMC Wd OTN 
NM SFWUWWOE HON & & 
Ay Ay Ay Ay Ay Ay Ay Ay Ay Ay AI AYA, 
ABAHV SAV ASB 


MM «¢ eOBIND 
NNT enhi>w 
Da NI EL Il 
tenn nt d des 
St SMUNARN 
NNWNMNPN > 
a Asi Ay Ay Oy = Ay 


TES SCLCSLS COS £2 Se eee ELS See StS te 
PV 3A*PK 22 


*k**XXFORWARD INTEGRATOR PA TH*¥**** 
Sok kkk a dak ok ak ak ao tk ak ee a ak ae ok 


he Fe ake He ke a He a te He ee a eee a ke He KK Ke KK 
ke *eKASTABILATOR DAT H#** #% 


Me He ee i ae ee a HK eo 


MP 1 





x Fe KK KK ok ok doko eK 
ST2= ae eae 24.0,10.5,MP13) 


ST3=ST2- 
STuaTIMIT (24 10. Ss ST 3) 
STS=CNTZR (0.0 0128.8 uy 

: STADEF=CMPXPL (PEBIC 1/TEDIC 2, 0.7,40.0,S7T5*1600.0) 

* fof PPP Pete t o£ eSt aS SELES 2 Se 2 eS 2 SS 

* *k**KELEADING EDGE FLAP PATH****x 

x MK XK Ke we KK KK a sea ake a ke he ae ode ke 2c ke eee ke ee Ke 
LE2= ZINT (ALPHAS,0. 0625, 0.9 375,I1MP80, LE 221) 

E2IT=ZHCLD (IMP 20, LE2) 
RALEV SES EES, 
LE2T 1=ZHOLD (IMP 20,LE2T1A) 
LE2T2=LIMIT (0.0 ,F28,LE2T1) 
LE3=LIMIT(C.0, F290, LE2T2) 

5 4 Peet eet SS SStS £2, LSS St St SS 2 SS SSS Se eS 

* eee 18 DEG/SEC RATE LIMIT, 20 HZ*** xx 

x WK oe ese ie ae hee ale ee ee ie ie ae eo ae ee Ke oe ee KK Ke Ke KK KKK 

NOSORT 
IF (TIME.NE.0.0) GO TC 85 
LEUZ1=LE= 

85 CONTINUE 
DEL 1=LE2-LE4zZ1 
DELLIIF=LIMIT(-0.9,0.9,DEL1) 

LEG A=LE4Z14DELLIM 
IF (IMP20.NE.1.0) GC TO 90 
LEUZ 1=LEUA 

90 CONTINUE 
LE4=ZHOLD (IMP 20,LE4A) 

* ee MK re oe eae ae ake he ode ie ae ee oak ke ee ake he eK ie ee eK Ke i ke ke eK 

SORT 
LES5=AV2080 (L234, IMP20) 
DLEZP1=LE5+3.0 
DLE2=DEADSE (-DLE2P1,LLE2P1, DLF1) 
DLE 3=DLE 14+DLE2 

* NOTE:POSITIVE LEADING EDGE FLAP PATH ONLY 
LE6=LE5+DLE3 
LET7=LIMIT (-3.0,33.0,LE6 

* hn ei AS eA RASA A 

x *k*EIK1B DEG/SEC RATE LIMIT, 80 HZ***** 

x se Hee ae aie ae ee ae ake ae ke ode ae he ae he eke eee oe ee eo oe KK OK ke Ke oe KK 

NOSORT 
IF (TIME.NE.0.0) GO TO 110 
LES Z1=LE7 

110 CONTINUE 
DELI=LE7-LEF821 
DELLIM=LIMIT(-0.225,0C.225, DEL1) 

LE8 A=LE821+DELLIM 
IF (IMP80.NE.1.0) GO TO 120 
LE821=LE8A 
120 CONTINUE 
LES=ZHCID (IMP80,LE8 A) 
ke XK ere eK te Ke eR Ke he ae ae ae ie ee oe Ke he ee ae he Ke ee eK OK OK 
SORT 
LEQ=LIMI1T(-2.0, 33.0,LE8) 
LE1O=CNTZR (0.0125, LE9) 

} LEFLAP=CMPXPL (LEDIC 1,LEDIC 2,1.4,20.0,LE10*400. 0) 

* Me te xe ae oe ee ode cae he akc ae a ade ke ae ae oe oe ae eae Ke ae oe a 

* kk kA SNOSCRT FUNCTION 24 ** ¥k* 

4 ee SOSC PC SSC SES SL SS SS 2S SSS > £2 > SS ® 
P2U11=22.538-20.51*LIMIT(0.27,0.66,R1) 
F2412=32.76-36 » OFLTMIT (0.6 ,0.91,RI) 

F2uT I=L IMIT (0. 0 10000.0,ALPHAT) 
PIUTI=ALEHAT- (14.8769-7.69 23*LIMIT(0.27,0.91,RI) ) 
P2UT 22-2. OX LIMIT(0.0,10000.0, F24UT2) 
F2UTU=1.4% (FO4T 14F 2473) 

NOSORT 
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GO TO 80 
60 CONTINUE 
IF (;NOT B19. LE.500.C) GO TO 70 
GO=FU0T 
GO TO 80 
70 CONTINUE 
FUC=F40T 10 
80 CONTINUE 
TERMINAL 
TIMER FINTIM=2000.0,PRDEL=20.0,O0UTDEL=20.0 
PRINT PS,OC,RI, F40T7, FU OTS ,F4UNTIO, F40 
PAGE XYELOT 
OUTPUT PS,F4O 
END 
STO 
ENDJCB 
LABEL GENERATED FUNCTION 
3 THIS EROGRAM GENERATES QC FUNCTIONS 22,25, 28,32A, AND 68 
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"i PARAMETER ES=1000.0 
DY NAMIC 
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eZ. 0 tore 4-800. 0+LIMIT (800.0, 900.0,QC) ) 
Pea. 6-0. 0> 10eFLINITT(600.0,835.0,0C) 
F28=44.551-0. 04058* LIMIT (260.0,950.0,QC) 
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END 
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F27=1.328* (ALPHA+7. 8584-17 .86*LIMIT (0.44, 0.63,8L)) 
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AEPENDIX D 


GORE UTER PROGRAMS FOR SIGNAL BLOCK TESTING 


CEADSPACE FUNCTION AND ALIASING FILTERS 


* 
INITIAL 
_ CONSTANT FS2C1=2.0 
DY NAMIC 
Bed= -5.0 + RAMP (0-0), 
PS2=DFADSP (-PS2C1,PS2C1,PS$1) 
ESS=CMEXPL (0.0,0.0,0. 14,27.3,PS2* 106.47) 
: PSU=REALPL (0.0, 7. 9365E-3,PS3) 
TERMINAL 
TIMER FINTIM=10.0, OUTLDEL=0. 25, PRDEL=0.25 
LABEL STICK DFADSPACE ELOT 
Eimene £51 ES 2 
OUTPUT TIME, PS1,PS2,£FS3,PS4 
FAGE XYPLCT 
END 
STOP 
EN DJCE 
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